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ABSTRACT: The National Beef Quality Audit-2016 
(NBQA-2016) was conducted to assess current trans-
portation, mobility, and quality characteristics of U.S. 
fed steers and heifers. Data were collected at 17 beef 
processing facilities between March and November 
2016. About 8,000 live cattle were evaluated for trans-
portation and mobility, and about 25,000 carcasses 
were evaluated on the slaughter floor. Cattle were in 
transit to the slaughter facility for a mean duration of 
2.7 h from a mean distance of 218.5 km using trail-
ers with dimensions ranging from 17.84 m2 to 59.09 
m2. Area allotted per animal averaged 1.13 m2 and 
ranged from 0.85 m2 to 2.28 m2. A total of 96.8% 
of cattle received a mobility score of 1 (walks easily, 
no apparent lameness). Identification types (35.1% 
had multiple) were lot visual tags (61.5%), individ-
ual tags (55.0%), electronic tags (16.9%), metal-clip 
tags (9.2%), bar-coded tags (0.05%), wattles (0.01%), 
and other (2.6%). Cattle were black-hided (57.8%), 
Holstein (20.4%), red-hided (10.5%), yellow-hided 
(4.8%), gray-hided (2.9%), brown-hided (1.3%), and 
white-hided (1.1%). Unbranded hides were observed 
on 74.3% of cattle; 18.6% had brands located on the 
butt, 6.3% on the side, and 1.3%  on the shoulder (val-
ues exceed 100% due to multiple brands). For hide-on 
carcasses, 37.7% displayed no mud or manure; specific 
locations for mud or manure were legs (40.8%), belly 
(33.0%), tail region (15.5%), side (6.8%), and top-line 
(3.9%). Cattle without horns represented 83.3% of the 
sample, and cattle that did have horns measured: < 
2.54 cm (5.5%), 2.54 to 12.7 cm (8.3%), and > 12.7 cm 
(2.9%). Carcasses without bruises represented 61.1% 
of those sampled, whereas 28.2% had 1, 8.2% had 
2, 2.1% had 3, and 0.3% had 4 bruises. Of those car-
casses with a bruise, the bruise was located on the loin 
(29.7%), round (27.8%), chuck (16.4%), rib (14.4%), 
and brisket/plate/flank (11.6%). Frequencies of offal 
condemnations were livers (30.8%), lungs (18.2%), 
viscera (16.3%), hearts (11.1%), heads (2.7%), and 
tongues (2.0%). Compared to NBQA-2011, fewer 
cattle were identified for traceability, fewer were 
black-hided, a greater number were Holstein cattle, 
more with no brand and no horns, fewer without bruis-
es, more liver, lung, and viscera condemnations, and 
fewer heads and tongues were condemned. The NBQA 
remains an influential survey for the U.S. beef industry 
to provide benchmarks and strategic plans for contin-
ued improvement of beef quality and consistency.
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INTRODUCTION
The National Beef Quality Audit (NBQA) is 
conducted about every 5 yr to assess and benchmark 
characteristics associated with producer-related beef 
quality. Characteristics related to quality and carcass 
merit are evaluated and relayed back to multiple seg-
ments of the beef production industry. Findings of this 
review are utilized by various segments of the beef 
industry to set strategic plans for continued improve-
ment. Evaluation of quality traits allows the industry 
to identify deficiencies in product quality and oppor-
tunities for advancement. Previously, this audit has 
been conducted 5 times: 1991, 1995, 2000, 2005, 2011 
(Boleman et al., 1998; Garcia et al., 2008; Lorenzen et 
al., 1993; McKeith et al., 2012; McKenna et al., 2002). 
Similar audits have been conducted in Canada to as-
sess quality characteristics of cattle in the Canadian 
beef supply (Van Donkersgoed et al., 2001; Van 
Donkersgoed et al., 1997). Over time, the NBQA has 
been an influential tool to objectively evaluate how 
cattle producers have improved overall quality and 
consistency of beef in the U.S.
Objectives of NBQA-2016 included measuring 
specific quality characteristics of cattle and carcass-
es associated with transportation, mobility, and the 
harvest-floor that impact the value of beef and by-
products. By measuring and trending lost opportu-
nities, the beef industry will be better able to strat-
egize and manage production practices that impact 
beef quality and consistency.
MATERIALS AND METHODS
Animal care and use committee approval was not 
obtained for this study. Live cattle transportation and 
mobility data were collected strictly by observation, 
and all other data were collected on carcasses after 
immobilization.
Overview
Over the course of this study (March to November 
2016), 17 in-plant harvest floor assessments were 
conducted (Table 1). For each in-plant audit, data 
were collected from the entire day’s production. If 
a beef processor harvested cattle in 2 shifts per day, 
data were collected during both shifts to capture the 
entire day of production. Beef processors from which 
data were obtained were selected to reflect the current 
fed cattle beef supply in the U.S. Before collecting 
data, all collaborating institutions participated in a 
correlation meeting to standardize data collection and 
recording methodology.
Transportation and Mobility of Live Cattle
NBQA-2016 was the first audit to include evalu-
ation of transportation conditions and cattle mobility 
for fed steers and heifers. Collection of this informa-
tion is necessary for setting a benchmark related to 
current trends in cattle transportation and mobility. 
About 10% of trucks arriving at selected beef slaugh-
ter facilities within a production day were sampled (n 
= 220). Surveyed trucks were evaluated for trailer type 
(bumper pull, gooseneck, single deck, pot belly, and 
other), trailer dimensions, number of compartments 
used, origin of cattle, time and distance traveled, num-
ber of cattle, and type of cattle.
To evaluate mobility, 100% of cattle exiting trucks 
where transportation data were collected were scored 
(n = 8,051). Cattle were scored for mobility once all 
4 hooves had transitioned to the hard surface of the 
holding pens and as they walked toward a scale or 
holding pen. Mobility scores were assigned as 1) nor-
mal, walks easily, no apparent lameness; 2) exhibits 
minor stiffness, shortness of stride, slight limp, keeps 
up with normal cattle; 3) exhibits obvious stiffness, 
difficulty taking steps, obvious limp, obvious dis-
comfort, lags behind normal cattle; and 4) extremely 
reluctant to move even when encouraged, statue-like 
(North American Meat Institute, 2015).
Harvest Floor Assessments: Before Hide Removal
About 50% of cattle were sampled per produc-
tion lot at selected beef processors. For animal iden-
tification (n = 24,615 cattle), the type of identifica-
tion was recorded and categorized as: none identified, 
electronic tag, barcode, individual tag, lot tag, metal 
Table 1. Company and location of harvest floor assessments
Company Location
American Foods Group – Green Bay Dressed Beef Green Bay, WI
Cargill Taylor Beef Wyalusing, PA
Cargill Meat Solutions Dodge City, KS
Cargill Meat Solutions Schuyler, NE
Central Valley Meat Hanford, CA
Creekstone Farms Premium Beef Arkansas City, KS
Harris Ranch Beef Company Selma, CA
JBS Swift & Company Cactus, TX
JBS Swift & Company Greeley, CO
JBS Swift & Company Green Bay, WI
JBS Swift & Company Plainwell, MI
JBS Swift & Company Souderton, PA
JBS Swift & Company Tolleson, AZ
National Beef Liberal, KS
Tyson Fresh Meats Amarillo, TX
Tyson Fresh Meats Dakota City, NE
Tyson Fresh Meats Lexington, NE
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clip, wattles, or other. Hide color (n = 24,672 cattle) 
was determined based on primary hide color (> 50% 
of total hide surface area; black, red, yellow, brown, 
gray, white, tan) or apparent breed type (i.e., Holstein). 
Presence of hide brands (n = 24,685 cattle) was as-
sessed and categorized by location: butt (round), side, 
and shoulder (chuck). Quantification of brands was 
determined based on estimated size (length × width). 
Presence of mud/manure on the hide was evaluated (n 
= 22,483 cattle) based on location (none visible, legs, 
belly, side, top line, tail region) and amount using a 
pictorial reference (none, small, moderate, large, ex-
treme), if present (Savell, 2016). Presence of cattle 
horns was evaluated (n = 24,588 cattle), and if present, 
approximate length of horns were recorded (< 2.54 
cm, 2.54 to 12.7 cm, and > 12.7 cm). This audit also 
assessed the frequency in which slaughter cattle/car-
casses were dragging and unintentionally touching the 
floor or equipment (n = 22,373). This information was 
captured to assess how beef processors were able to 
accommodate the ever-increasing size of live animals.
Harvest Floor Assessments: After Hide Removal
Following hide removal, carcasses were evaluated 
(n = 24,366) for the number (0, 1, 2, 3, or 4) of bruises 
present, location on the carcass (round, loin, rib, chuck, 
or brisket/plate/flank), and severity (minimal, major, 
critical, or extreme). Bruise severity was determined 
based on a 10-point scale: minimal (1, 2, 3); major (4, 5, 
6); critical (7, 8, 9); extreme (10). Trim losses from these 
bruises would be < 0.45 kg for minimal, 0.45 to 4.54 kg 
for major, > 4.54 kg for critical, and the loss of the entire 
subprimal for extreme bruising. Where observed, sub-
cutaneous injection-site lesions were noted. Apparent 
chronological age of cattle was determined using denti-
tion (n = 24,382 heads) by counting the number of per-
manent incisors present. Offal (n = 24,940 carcasses; 
liver, lung, heart, and viscera) and heads and tongues (n 
= 26,657 heads) were inspected for wholesomeness by 
USDA Food Safety and Inspection Service personnel, 
and where applicable, condemnations and reasons for 
condemnations were recorded. Additionally, females 
with fetus presences were recorded at the viscera table.
Statistical Analyses
All data were analyzed using JMP Pro, Version 
12.0.1 (SAS Inst. Inc., Cary, NC). Frequency distri-
butions were evaluated using the distribution function 
of JMP for all quality traits assessed. Means, standard 
deviations, minimums, and maximums also were 
evaluated. Tests of hypotheses regarding changes in 
prevalence of specific traits (bruise location and offal 
condemnations) between NBQA-2011 and NBQA-
2016 were conducted at P = 0.05 using χ2 analysis.
RESULTS AND DISCUSSION
Transportation and Mobility of Live Cattle
Means, standard deviations, minimums, and maxi-
mums for time and distance traveled, number of cattle 
in the loads, trailer dimensions, and the trailer area al-
lotted per head for all trailer types are shown in Table 
2. Based on data collected from the truck drivers, cattle 
were in transit to the beef processing facilities for a mean 
duration of 2.7 h, covering a mean distance of 218.5 km. 
While the average distance traveled to beef processing fa-
cilities was within a 250-km radius, some cattle traveled 
from a maximum distance of 1,400.1 km. Additionally, 
the maximum time traveled was 12 h. The number of cat-
tle in a load averaged 36.6 and ranged from 10 to 47 head, 
whereas the number of compartments used in the trailer 
averaged 3.5 and ranged from 2 to 6. Trailer dimensions 
ranged from 17.84 m2 to 59.09 m2 with a mean of 40.85 
m2. The wide range of trailer dimensions was a result 
of different trailer types arriving at the beef processors. 
Area allotted per animal was 1.13 m2 and ranged from 
0.85 m2 to 2.28 m2. Based on recommended animal han-
dling guidelines (Grandin, 2013), hornless cattle weigh-
ing 455 kg, 545 kg, and 636 kg, should have 1.1 m2, 1.4 
m2, and 1.7 m2 per animal during transport, respectively. 
Therefore, the NBQA-2016 data suggest that not all fed 
cattle were allowed adequate space in the trailer during 
transportation to slaughter. González et al. (2012a) not-
ed that the area allotted per animal, whether too small 
or too large, could increase incidence of lameness dur-
ing transportation. Furthermore, González et al. (2012b) 
recognized that other factors including duration of trans-
portation, trailer design, weather, and horn presence can 
influence cattle condition after transport.
Table 2. Mean values for time and distance traveled, num-
ber of cattle in the loads, trailer dimensions, and the subse-
quent area allotted per head for all trailer types surveyed1
 
Transportation characteristics
 
n2
 
Mean
Std. 
Dev.
 
Min
 
Max
Time traveled (h) 220 2.7 2.4 0.25 12.0
Distance traveled (km) 217 218.5 213.2 12.9 1,400.1
Number of cattle in load 220 36.6 4.8 10 47
Number of compartments used 217 3.5 0.9 2 6
Trailer dimensions (m2) 212 40.85 2.56 17.84 59.09
Area allotted per head (m2) 212 1.13 0.17 0.85 2.28
1Approximately 10% of cattle trucks were sampled within a day’s pro-
duction at each plant.
2 These are the number of trailers that were surveyed at the plants.
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Evaluators scored 96.8% of cattle as a 1, suggesting 
that most cattle have normal mobility when arriving at 
slaughter facilities. Remaining were 3.0% with mobili-
ty score of 2; 0.1% with mobility score of 3; 0.02% with 
mobility score of 4; and 0.0% classified as downers 
(data not shown in tabular form). These data indicate 
that the majority of cattle arriving for slaughter exhibit 
normal mobility, and thus provides a vital benchmark 
for animal welfare. Moreover, researchers have ac-
knowledged the necessity for continued improvement 
of animal handling to reduce cattle stress (Frese et al., 
2016; Swanson and Morrow-Tesch, 2001).
Animal Identification Method
Animal identification data were collected in the pre-
vious 2 audits (Garcia et al., 2008; McKeith et al., 2012). 
For the current audit, 95.6% of cattle sampled had some 
form of identification, which decreased numerically from 
the previous audit. Types and frequency of identification 
observed in the NBQA-2016 (Table 3) were lot visual 
tags (61.5%), individual tags (55.0%), electronic tags 
(16.9%), metal-clip tags (9.2%), bar-coded tags (0.05%), 
wattles (0.01%), and other (2.6%). Compared to the pre-
vious audit, incidence of lot visual tags, electronic tags, 
metal-clip tags, wattles, and other forms of identification 
were lower (McKeith et al., 2012). However, incidence 
of individual visual tags increased by 4.4% points. Many 
animals surveyed had more than one form of identifica-
tion, and therefore, frequencies of identification types 
added to greater than 100%. The total number of forms of 
identification present on a single animal were 1 (60.4%), 
2 (22.1%), 3 (11.5%), 4 (1.5%), or 5 (0.03%). 
During the NBQA-2011, Country of Origin 
Labeling (COOL) was a great consideration for 
packers and may have influenced increased frequen-
cies of cattle identification in that NBQA (McKeith 
et al., 2012). However, in 2015, the World Trade 
Organization determined that COOL unnecessarily 
discriminated against imported cattle from Canada 
and Mexico (Greene, 2015). This ruling led to the re-
moval of muscle cuts and grinds from beef and pork 
as covered commodities under COOL (USDA-AMS, 
2017b). The removal of COOL may have resulted in 
a decline in the number of cattle bearing individual 
identification in NBQA-2016 due to no or limited pre-
mium for age and source verified cattle.
Hide Color
Hide color information was collected in the 3 pre-
vious audits (Garcia et al., 2008; McKeith et al., 2012; 
McKenna et al., 2002). Apparent breed type and predom-
inant hide color has become increasingly important with-
in the industry. Currently, about 70% of certified beef pro-
grams utilize phenotypic characteristics for claiming live 
animal Angus influence or predominately black-hided 
(USDA-AMS, 2017a). Predominately black-hided cattle 
represented 57.8% of total cattle surveyed followed by, 
Holstein (20.4%), then red-hided (10.5%), yellow-hided 
(4.8%), gray-hided (2.9%), brown-hided (1.3%), and 
white-hided (1.1%) cattle (Table 4). Remaining sample 
cattle were categorized as “other” (< 1.5%). The percent-
age of black-hided cattle steadily increased from NBQA-
2000 to NBQA-2011; however, it declined 3.3% points 
from NBQA-2011 to NBQA-2016 (McKeith et al., 2012). 
Additionally, Holstein-influenced cattle in the population 
increased 14.9% points from the previous audit. Changes 
in relative abundance of black-hided cattle (declined) 
Table 3. National Beef Quality Audit (NBQA): 
Percentages of hide-on carcasses that were identified 
individually and type of identification used in NBQA-
2005, NBQA-2011, and NBQA-20161,2,3
Item NBQA-2005 NBQA-2011 NBQA-2016 (± SEM)
With identification 90.3 97.5 95.6 ± 0.1
No identification 9.7 2.5 4.4 ± 0.1
Lot visual tags 63.2 85.7 61.5 ± 0.3
Individual visual tags 38.7 50.6 55.0 ± 0.3
Electronic tags 3.5 20.1 16.9 ± 0.2
Metal-clip tags 11.8 15.7 9.2 ± 0.2
Bar-coded tags 0.3 0.0 0.05 ± 0.01
Wattles 0.0 0.5 0.01 ± 0.0
Other 2.5 5.3 2.6 ± 0.1
1Numbers exceeded 100% due to animals having multiple forms of 
identification.
2Total number of observations for animal identification were: 49,330 
(NBQA-2005); 18,288 (NBQA-2011); 24,615 (NBQA-2016).
3NBQA-2005 (Garcia et al., 2008); NBQA-2011 (McKeith et al., 2012).
Table 4. National Beef Quality Audit (NBQA): 
Percentages of hide-on carcasses with predominant 
hide color or breed type evaluated in NBQA-2000, 
NBQA-2005, NBQA-2011, and NBQA-20161,2
 
Item
NBQA-
2000
NBQA-
2005
NBQA-
2011
NBQA-2016 
(± SEM)
Black 45.1 56.3 61.1 57.8 ± 0.3
Holstein (black and white) 5.7 7.9 5.5 20.4 ± 0.3
Red 31.0 18.6 12.8 10.5 ± 0.2
Yellow 8.0 4.9 8.7 4.8 ± 0.1
Gray 4.0 6.0 5.0 2.9 ± 0.1
Brown 1.7 3.0 5.0 1.3 ± 0.1
White 3.2 2.3 1.4 1.1 ± 0.1
1Total number of observations for hide color were: 43,415 (NBQA-
2000); 49,330 (NBQA-2005); 15,143 (NBQA-2011); 24,672 (NBQA-2016).
2NBQA-2000 (McKenna et al., 2002); NBQA-2005 (Garcia et al., 
2008); NBQA-2011 (McKeith et al., 2012).
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and Holstein cattle (increased) were likely due to a shift 
in cattle supply in the beef industry over the last several 
years. Factors such as drought and the rebuilding of the 
U.S. herd may have impacted the type of cattle on feed. 
Thus, a higher percentage of Holstein cattle was recorded 
in the fed beef market during NBQA-2016. Furthermore, 
frequencies of predominately red-hided, yellow-hided, 
gray-hided, brown-hided, and white-hided cattle de-
clined from the 2011 survey (McKeith et al., 2012).
Hide Brand Assessment
Hot-iron brands have been evaluated in all previ-
ous audits (Boleman et al., 1998; Garcia et al., 2008; 
Lorenzen et al., 1993; McKeith et al., 2012; McKenna et 
al., 2002). Of the hide-on carcasses sampled in NBQA-
2016, percentages of 0, 1, 2, or 3 brands present were 
74.3%, 24.1%, 1.4%, and 0.2%, respectively (data not 
shown in tabular form). Additionally, 18.6% of hide-on 
cattle displayed a brand located on the butt, 6.3% with 
a brand located on the side, and 1.3% with a brand lo-
cated on the shoulder (Table 5). Cattle with multiple 
brands represented 1.6% of hide-on carcasses sampled 
(Table 5). Over time, the frequency of hide-on carcasses 
with no brands has fluctuated; however, compared with 
the NBQA-2011, hide-on carcasses without a brand in-
creased by 19.1% points in 2016 (McKeith et al., 2012). 
Furthermore, incidence of cattle with butt, side, shoulder, 
and multiple brands, showed a numerical decrease from 
the previous audit. Mean hot-iron brand sizes were 173.8 
cm2 for butt brands, 584.1 cm2 for side brands, and 226.6 
cm2 for shoulder brands (data not shown in tabular form). 
Compared to the 2011 survey (butt brands: 205.5 cm2; 
side brands: 476.4 cm2; shoulder brands: 200.7 cm2), 
butt brands decreased in size, whereas both side and 
shoulder brands increased in size (McKeith et al., 2012). 
The greatest and most notable difference compared to 
NBQA-2011, was increased mean size of side brands. 
Programs such as Beef Quality Assurance (BQA) have 
worked to transition producers into branding cattle on 
either the butt or shoulder to increase overall hide value. 
Additionally, Marti et al. (2011) noted that cattle hides 
account for 30 to 75% of cattle by-product value. Much 
of the variation in cattle hot-iron branding over time may 
relate to the region of cattle origin and cultural history 
of brand usage (USDA-APHIS, 1993). Further, many 
states still mandate branding cattle as a form of identi-
fication. In a survey by USDA-APHIS (2009), hot-iron 
brands were the most common form of herd identifica-
tion and were more common among large operations. 
The NBQA-2016 data shows that overall incidence of 
hot-iron brands has drastically decreased over the last 5 
yr. This trend is likely due to increased producer partici-
pation and implementation of programs such as BQA.
Mud or Manure Evaluation
Mud and manure are possible sources of contami-
nants in the beef slaughter process, and therefore the 
presence of mud and manure on hide-on carcasses is of 
utmost concern from a food safety standpoint (Bacon 
et al., 2000; Bosilevac et al., 2005; Dorsa, 1997; Elder 
et al., 2000; Huffman, 2002; Koohmaraie et al., 2005). 
In the current audit, 37.7% of hide-on carcasses dis-
played no mud or manure at the time of slaughter, 
which was down from 50.8% in the NBQA-2011 (data 
not shown in tabular form; McKeith et al., 2012). Of 
cattle with mud or manure present on the hide, spe-
cific locations included legs (40.8%), belly (33.0%), 
tail region (15.5%), side (6.8%), and top-line (3.9%). 
Furthermore, for carcasses with quantifiable mud or 
manure on the hide, 70.3% had a small amount, 22.9% 
moderate, 5.0% large, and 1.7% extreme. Slight nu-
merical differences were seen when comparing mud 
and manure locations to NBQA-2011 (legs: 36.8%, 
belly: 23.7%, side: 14.9%, tail region: 13.7%, and top-
line: 11.0%) and were likely due to weather and sea-
sonality differences (McKeith et al., 2012).
Direct or indirect contamination of carcasses with 
pathogens such as E. coli O157:H7 or Salmonella on 
beef hides is an important consideration when con-
verting live animals to meat, and thus extreme care 
must be used when opening and removing the hide 
at slaughter (Bacon et al., 2000; Baird et al., 2006). 
Additionally, some studies have shown that use of 
pre-harvest interventions and hide-on washes may re-
duce prevalence of E. coli O157:H7 before slaughter 
(Baird et al., 2006; Bosilevac et al., 2005; Loneragan 
and Brashears, 2005). Factors such as weather, lairage 
conditions, and seasonality can impact presence and 
Table 5. National Beef Quality Audit (NBQA): 
Percentages of hot-iron brands on hide-on carcasses 
evaluated in NBQA-1991, NBQA-1995, NBQA-2000, 
NBQA-2005, NBQA-2011, and NBQA-20161,2,3
 
Item
NBQA-
1991
NBQA-
1995
NBQA-
2000
NBQA-
2005
NBQA-
2011
NBQA-2016
(± SEM)
No brands 55.0 47.7 49.3 61.3 55.2 74.3 ± 0.3
Butt brand 29.9 38.7 36.3 26.5 35.2 18.6 ± 0.2
Side brand 13.8 16.8 13.7 7.4 9.0 6.3 ± 0.2
Shoulder brand 0.8 3.0 3.6 1.2 2.5 1.3 ± 0.1
Cattle with  
   multiple brands
2.1 6.2 4.4 3.6 9.9 1.6 ± 0.1
1Number exceeded 100% due to animals having multiple brands.
2Total number of observations for hide brands were: 32,265 (NBQA-
1991); 56,612 (NBQA-1995); 43,415 (NBQA-2000); 49,330 (NBQA-
2005); 15,358 (NBQA-2011); 24,685 (NBQA-2016).
3NBQA-1991 (Lorenzen et al., 1993); NBQA-1995 (Boleman et al., 
1998); NBQA-2000 (McKenna et al., 2002); NBQA-2005 (Garcia et al., 
2008); NBQA-2011(McKeith et al., 2012).
Eastwood et al.234
Translate basic science to industry innovation
amount of mud or manure on cattle arriving at harvest 
facilities (Arthur et al., 2010; Barkocy-Gallagher et al., 
2003). Therefore, multiple interventions are employed 
throughout the beef slaughter process to reduce preva-
lence of pathogenic bacteria on carcasses (Bosilevac et 
al., 2006; Bosilevac et al., 2005; Castillo et al., 1998; 
Castillo et al., 1999; Gill and Landers, 2003; Graves 
Delmore et al., 1997; Hardin et al., 1995; Koohmaraie 
et al., 2005; Rekow et al., 2011).
Horn Evaluation
Horn prevalence has been evaluated since the 
original NBQA in 1991 (Boleman et al., 1998; Garcia 
et al., 2008; Lorenzen et al., 1993; McKeith et al., 
2012; McKenna et al., 2002). For NBQA-2016, of 
total hide-on carcasses surveyed, 16.7% of cattle had 
horns and 83.3% did not have horns (Table 6). For all 
cattle sampled, horns were < 2.54 cm (5.5%), 2.54 
to 12.7 cm (8.3%), and > 12.7 cm (2.9%) in length. 
A study by Meischke et al. (1974) reported that the 
amount of trimmed bruised tissue from horned cattle 
was greater compared to hornless cattle. The percent-
age of cattle with horns has decreased by 7.1% points 
from NBQA-2011 to NBQA 2016 (McKeith et al., 
2012). This trend suggests that management practices 
have positively influenced prevalence of horns on cat-
tle in the fed cattle population.
Carcasses Dragging Floor or Equipment
New information was collected as part of the 
NBQA-2016 to determine the frequency in which 
slaughter cattle/carcasses were dragging the floor or 
unintentionally touching equipment during various 
stages of slaughter and dressing. These will allow dif-
ferent segments of the industry to understand ability 
of beef packers in the U.S. to accommodate increas-
ing slaughter cattle/carcass sizes (Gray et al., 2012). 
The NBQA-2016 observed that 6.3% of slaughter 
cattle/carcasses were touching or dragging the floor 
or equipment (data not shown in tabular form). While 
these data suggested that a large percentage of slaugh-
ter cattle/carcasses do not drag across floors or equip-
ment, it does sometimes occur and the trend toward 
longer and heavier carcasses will continue to affect 
sanitation/food safety in beef. Further, with the greater 
number of Holstein cattle in the present audit, this 
change in apparent breed type likely had an additional 
influence on size of cattle at slaughter.
Carcass Bruises
Carcasses historically have been assessed during 
the NBQA to determine bruise presence, location, and 
severity of bruises at the time of slaughter and dressing 
(Boleman et al., 1998; Garcia et al., 2008; Lorenzen et 
al., 1993; McKeith et al., 2012; McKenna et al., 2002). 
Cattle without bruises represented 61.1% of all car-
casses sampled, whereas 28.2% had 1 bruise, 8.2% 
had 2 bruises, 2.1% had 3 bruises, 0.3% had 4 bruises, 
and 0.0% had more than 4 bruises (Table 7). Of those 
carcasses with a bruise, the bruises were located on 
the loin (29.7%), round (27.8%), chuck (16.4%), rib 
(14.4%), and brisket/plate/flank (11.6%). Furthermore, 
77.0% of bruises were categorized as minimal, 20.6% 
as major, 1.7% as critical, and 0.7% as extreme (data 
Table 6. National Beef Quality Audit (NBQA): 
Percentages of hide-on carcasses evaluated for the pres-
ence of horns in NBQA-1991, NBQA-1995, NBQA-
2000, NBQA-2005, NBQA-2011, and NBQA-20161,2
 
Item
NBQA-
1991
NBQA-
1995
NBQA-
2000
NBQA-
2005
NBQA-
2011
NBQA-2016
(± SEM)
With horns 31.1 32.2 22.7 22.3 23.8 16.7 ± 0.2
No horns 68.9 67.8 77.3 77.7 76.2 83.3 ± 0.2
1Total number of observations for presence of horns were: 32,265 
(NBQA-1991); 56,612 (NBQA-1995); 43,415 (NBQA-2000); 49,330 
(NBQA-2005); 18,199 (NBQA-2011); 24,588 (NBQA-2016).
2 NBQA-1991 (Lorenzen et al., 1993); NBQA-1995 (Boleman et al., 
1998); NBQA-2000 (McKenna et al., 2002); NBQA-2005 (Garcia et al., 
2008); NBQA-2011(McKeith et al., 2012).
Table 7. National Beef Quality Audit (NBQA): 
Percentages of bruises and bruise location (cattle 
that had at least 1 bruise) for carcasses evaluated in 
NBQA-1991, NBQA-1995, NBQA-2000, NBQA-
2005, NBQA-2011, and NBQA-20161,2
 
Item
NBQA-
1991
NBQA-
1995
NBQA-
2000
NBQA-
2005
NBQA-
2011
NBQA-2016
(± SEM)
No bruises 60.8 51.6 53.3 64.8 77.0 61.1 ± 0.3
1 bruise 25.0 30.9 30.9 25.8 18.8 28.2 ± 0.3
2 bruises 10.6 12.8 11.4 7.4 3.4 8.2 ± 0.2
3 bruises 3.5 3.7 3.5 1.6 0.6 2.1 ± 0.1
4 bruises 0.2 0.9 0.8 0.4 0.2 0.3 ± 0.04
More than 4 bruises   nd3 0.1 0.1 0.0 0.1 0.0 ± 0.0
Location of bruise
Loin 23.4 41.1 25.9 32.6 50.1 29.7 ± 0.4
Rib 14.4 20.8 19.4 19.5 21.3 14.4 ± 0.3
Chuck 16.7 30.8 28.2 27.0 13.8 16.4 ± 0.3
Brisket/plate/flank 0.3 0.0 11.6 10.3 7.5 11.6 ± 0.3
Round 2.7 7.2 14.9 10.6 7.3 27.8 ± 0.4
1 Total number of observations for carcass bruises were: 37,002 
(NBQA-1991); 42,156 (NBQA-1995); 43,595 (NBQA-2000); 49,330 
(NBQA-2005); 18,159 (NBQA-2011); 24,366 (NBQA-2016).
2 NBQA-1991 (Lorenzen et al., 1993); NBQA-1995 (Boleman et al., 
1998); NBQA-2000 (McKenna et al., 2002); NBQA-2005 (Garcia et al., 
2008); NBQA-2011(McKeith et al., 2012).
3 nd = not determined.
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not shown in tabular form). Subcutaneous injection-
site lesions were only observed on 0.5% of all car-
casses sampled (data not shown in tabular form).
The number of carcasses without a bruise has de-
creased by 15.9% points from NBQA-2011 (McKeith 
et al., 2012). Additionally, there has been an increase 
in the number of carcasses with 1, 2, 3, and 4 bruises 
(Table 7). For all carcasses sampled, prevalence of 
bruises on the round, loin, rib, and chuck increased (P < 
0.05) compared to NBQA-2011 (Fig. 1; McKeith et al., 
2012). Bruise locations have shifted over time. Of cat-
tle with bruising, there were fewer loin and rib bruises, 
but there was a greater incidence of round, chuck, and 
brisket/plate/flank bruising compared to NBQA-2011 
(Table 7; McKeith et al., 2012). Furthermore, live cat-
tle have become larger and handling equipment will 
need to accommodate that growth to reduce potential 
carcass bruising (Gray et al., 2012).
Bruising is a detrimental loss to the overall value 
of a beef carcass and can result in a net loss of weight 
and product yield (Ferguson and Warner, 2008). 
Transportation is a necessary component of beef pro-
duction and maximizing coordination between seg-
ments could reduce bruise related losses (Miranda-
de la Lama et al., 2014). Transportation duration and 
distance, area allotted per animal during transport, 
presence of horns, and animal handling practices 
may influence the presence and severity of bruising 
in cattle at slaughter (Ahola et al., 2011; Frese et al., 
2016; González et al., 2012a; González et al., 2012b; 
Jarvis et al., 1995; Meischke et al., 1974; Miranda-de 
la Lama et al., 2014).
Dentition
Dentition has been assessed in the past 2 NBQA 
surveys (Garcia et al., 2008; McKeith et al., 2012). For 
all cattle surveyed, 80.5% had 0 permanent incisors 
(Table 8). Compared to previous audits, current data sug-
gested fewer cattle at slaughter with 0 permanent incisors 
(Garcia et al., 2008; McKeith et al., 2012). The remain-
ing sample population exhibited the following number 
of permanent incisors: 1 (4.1%), 2 (12.7%), 3 (0.8%), 4 
(1.4%), 5 (0.07%), 6 (0.2%), 7 (0.02%), and 8 (0.2%). 
Additionally, cattle deemed over 30-mo represented 
2.7% of heads assessed for dentition characteristics.
Offal and By-Product Condemnations
Offal and by-product condemnations were as-
sessed in all previous audits (Boleman et al., 1998; 
Garcia et al., 2008; Lorenzen et al., 1993; McKeith 
et al., 2012; McKenna et al., 2002). Frequencies of 
offal condemnations by USDA-FSIS are reported in 
Table 9. Reasons for liver condemnation included mi-
nor abscesses (11.8%), major abscesses (6.0%), flukes 
(1.1%), contamination (10.1%), and other reasons 
(1.8%). Reasons for condemnation of lungs included 
mild pneumonia (4.0%), moderate pneumonia (2.3%), 
severe pneumonia (1.1%), contamination (8.7%), and 
other reasons (2.0%). Hearts were condemned on 
11.1% of all viscera sampled (data not shown in tabu-
lar form). Reasons for viscera condemnations included 
contamination (13.4%) and abscesses (2.8%). Fetuses 
were reported in 0.6% of full viscera sampled. From 
NBQA-2011 to NBQA-2016 (Fig. 2), condemnations 
due to liver abscesses, liver contamination, and lung 
contamination increased (P <  0.05), whereas con-
demnations due to liver flukes and lung pneumonia 
declined (P <  0.05; McKeith et al., 2012). When com-
paring NBQA-2016 to all previous audits, incidence of 
liver abscesses increased greatly (Boleman et al., 1998; 
Garcia et al., 2008; Lorenzen et al., 1993; McKeith et 
Figure 1. National Beef Quality Audit (NBQA): Frequency distribu-
tions of bruises in primals from all carcasses sampled in NBQA-2011 and 
NBQA-2016 (c2 for round P < 0.0001, loin P = 0.0022, rib P < 0.0001, 
and chuck P < 0.0001). Means within primals with different superscripts 
differ (P < 0.05). Total number of observations for bruises was 18,159 
(NBQA-2011) and 24,366 (NBQA-2016). (McKeith et al., 2012).
Table 8. National Beef Quality Audit (NBQA): 
Percentages of the number of permanent incisors evalu-
ated in NBQA-2005, NBQA-2011, and NBQA-20161,2
No. of permanent incisors NBQA-2005 NBQA-2011 NBQA-2016
0 82.2 87.3 80.5
1 5.2 1.4 4.1
2 9.9 8.0 12.7
3 0.4 0.9 0.8
4 1.2 1.9 1.4
5 0.1 0.3 0.07
6 0.3 0.2 0.2
7 0.0 0.1 0.02
8 0.7 0.02 0.2
1Total number of observations for dentition were: 49,330 (NBQA-
2005); 16,051 (NBQA-2011); 24,382 (NBQA-2016).
2 NBQA-2005 (Garcia et al., 2008); NBQA-2011 (McKeith et al., 2012).
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al., 2012; McKenna et al., 2002). Prevalence of lung 
and viscera condemnations also increased, mostly at-
tributed to contamination. Liver abscesses are a lead-
ing cause for condemnations at slaughter and result 
in significant economic loss (Brown and Lawrence, 
2010; Nagaraja and Lechtenberg, 2007; Reinhardt and 
Hubbert, 2015). Brown and Lawrence (2010) noted 
that carcasses with abnormal livers were less valuable 
than normal carcasses and recognized the implemen-
tation of technologies to reduce prevalence of abscess-
es to reduce this economic loss.
While not recorded previously, information for 
both the amount of trimming required and the rate 
of condemnations of heads and tongues was collect-
ed. Heads were trimmed (T) or condemned (C) for: 
inflamed lymph nodes – T (0.1%), inflamed lymph 
nodes – C (0.4%), abscesses – T (0.01%), abscesses 
– C (0.1%), contamination – T (1.0%), contamination 
– C (1.9%), and other reasons (0.2%). Additionally, 
tongues were trimmed (T) or condemned (C) for: in-
flamed lymph nodes – T (2.0%), inflamed lymph nodes 
– C (0.3%), hair sore – T (3.2%), hair sore – C (0.03%), 
cactus tongue – T (0.1%), cactus tongue – C (0.0%), 
contamination – T (1.8%), contamination – C (0.7%), 
and for other reasons (0.9%). Over time, both head 
and tongue condemnations have declined. Specifically, 
compared to the previous audit, head condemnations 
have decreased by 4.5% points and tongue condemna-
tions by 8.1% points (McKeith et al., 2012).
Data from Marti et al. (2011) showed that the mar-
ket for beef by-products has grown to nearly 19 bil-
lion pounds in recent years. Use of by-products allows 
the beef industry to realize revenue that would other-
wise be lost, and reduces the cost of disposal of such 
products (Marti et al., 2011). By-products from beef 
carcasses are an important economic consideration for 
the viability of the beef trade. By-products are utilized 
extensively in export trade, but also for pharmaceuti-
cal, cosmetic, and industrial products.
Conclusions
The NBQA remains an important measure for the 
U.S. beef industry as it tries to improve quality and 
consumer demand. Characteristics evaluated in this 
audit will be relayed to cattle producers, which can 
ultimately enhance consistency and quality of cat-
tle and beef products in the U.S. beef supply chain. 
Trends observed in NBQA-2016 included fewer 
cattle having identification; fewer black-hided cattle 
and more Holstein cattle; more cattle without a brand 
or horns; fewer carcasses without bruises; more liver, 
lung, and viscera condemnations; and fewer head 
and tongue condemnations. Data from this survey 
can be utilized in all segments of beef production to 
improve on current management practices and imple-
ment innovative techniques to enhance beef quality 
and consistency in the U.S. supply chain.
Figure 2. National Beef Quality Audit (NBQA): Frequency distribu-
tions for specific liver and lung condemnations from all carcasses sampled 
in NBQA-2011 and NBQA-2016 (c2 for liver abscesses P < 0.0001, liver 
flukes P < 0.0001, liver contamination P < 0.0001, lung pneumonia P < 
0.0001, and lung contamination P < 0.0001). Means within specific con-
demnation reason with different superscripts differ (P < 0.05). Total num-
ber of observations for liver and lung condemnations was 17,926 (NBQA-
2011) and 24,940 (NBQA-2016). (McKeith et al., 2012).
Table 9. National Beef Quality Audit (NBQA): 
Percentages of offal condemnations for carcasses 
evaluated in NBQA-1991, NBQA-1995, NBQA-2000, 
NBQA-2005, NBQA-2011, and NBQA-20161,2,3
 
Item
NBQA-
1991
NBQA-
1995
NBQA-
2000
NBQA-
2005
NBQA-
2011
NBQA-2016
(± SEM)
Liver  
   condemnations
19.2 22.2 30.3 24.7 20.9 30.8 ± 0.3
Lung  
   condemnations
5.1 5.0 13.8 11.5 17.3 18.2 ± 0.2
Tripe  
   condemnations
3.5 11.0 11.6 11.6 nd4 nd
Viscera  
   condemnations
0.1 nd nd nd 9.3 16.3 ± 0.2
Head  
   condemnations
1.1 0.9 6.2 6.0 7.2 2.7 ± 0.1
Tongue  
   condemnations
2.7 3.8 7.0 9.7 10.0 1.9 ± 0.1
1Total number of observations for viscera condemnations were: 
37,925 (NBQA-1991); 50,517 (NBQA-1995); 8,588 (NBQA-2000); 
49,330 (NBQA-2005); 17,926 (NBQA-2011); 24,940 (NBQA-2016).
2Total number of observations for head and tongue condemnations 
were: 30,646 (NBQA-1991); 47,581 (NBQA-1995); 8,588 (NBQA-2000); 
49,330 (NBQA-2005); 17,926 (NBQA-2011); 26,657 (NBQA-2016).
3NBQA-1991 (Lorenzen et al., 1993); NBQA-1995 (Boleman et al., 
1998); NBQA-2000 (McKenna et al., 2002); NBQA-2005 (Garcia et al., 
2008); NBQA-2011(McKeith et al., 2012).
4nd = not determined.
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